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Effect of Cold Acclimation on Cold Tolerance of Laboratory-reared Diapansing
Pink Bollworms1•2•3
R. J. WRIGHT' AND H. M. GRAHAM5
ABSTRACT
Environ. EntoIDo!. 7: 633-635 (1978)
Cold acclimation and cold tolerance were studied in laboratory-reared diapausing pink boll-
worms, Pectinophora gossypiella (Saunders), conditioned at 5°, 10°, and 15° C for 2,4, and 8 wk.
Larval mortality, abnormal pupation and total mortality from 2-h exposure to sub-zero temperatures
increased similarly as the temperature decreased from _6° to -15° C. Exposure to -9° C and
above had little effect.
The effect of cold conditioning on cold tolerance was most important at the _12° C exposure.
Conditioning at 5°, 10°, and 15° C reduced total mortality after exposure to _12° C, compared to
unconditioned larvae. Conditioning of larvae at 10° C for 8 wk resulted in the least mortality of all
treatments .
Water content decreased as duration of conditioning increased, with no significant differences
between conditioning temperatures. Decreased water content did not correlate well with observed
changes in cold tolerance.
1 Lepidoptera: Gelechiidae.
Z Mention of a commercial product in this paper does not constitute an endorsement
of this product by the USDA.
3 Part of a thesis submitted to the University of Arizona in partial fulfillment for the
M. S. degree. Received for publication Sept. 19, 1977.
4 Dept. of Entomology, University of Arizona, Tucson, AZ 85721. Present address:
Dept. of Entomology. North Carolina State University, Raleigh 27650.
'Agric. Res. Serv.• USDA. P. O. Box 1033, Brownsville, TX 78520. Present
address: Agric. Res. Serv .• USDA. 2000 E. Allen Rd .• Tucson. AZ 85719. This work
was carried out while Visiting Professor. Dept. of Entomology, University of Arizona.
Tucson.
ilized with 0.2% (WIV) sodium hypochlorite solution and
incubated at 28° C. First-stage larvae were transferred to
shredded wheat germ-casein-agar diet modified from Ad-
kisson et al. (1960), and reared in an Environator® biocli-
matic chamber at 21° C and II: 13 (L:D) photoperiod. Lar-
vae were held for an additional 3 wk under the rearing
conditions after the 1st pupa was seen, to ensure that larvae
were in diapause. Then, larvae were washed from the diet,
sexed and held in plastic petri dishes containing paper tow-
elling circles.
Three commercial refrigerators (0.308 m3 ) modified by
the addition of a heating coil, fan, thermostat and fluores-
cent lighting were employed for cold conditioning of larvae.
The conditioning temperatures used were 5°, 10°, and 15°
C. All cabinets were maintained at an 11:13 (L:D) photo-
period, with RH at ca. 30%. The cabinets set at 10° and 15°
C maintained a temperature ± 1° C of desired setting, with
the 5° C cabinet somewhat more variable.
A sample of several hundred larvae of each sex from each
conditioning group was counted weekly and larval mortality
and pupation recorded. Groups of larvae (usually 25-50 of
each sex) were exposed to sub-zero temperatures before and
after 2, 4, and 8 wk of conditioning at 5°, 10°, and ISO C.
Before and after completion of the cold conditioning, wet
and dry weights of larvae (25/sex/replicate) were deter-
mined. Diapausing larvae remaining after completion of the
desired cold conditioning period were divided equally into
5 groups (usually 25-50/group) and exposed to 21° C
(control), _6°, _9°, -12°, and -15° C for 2 h. Sub-zero
exposures were made in a freezer cabinet with circulating
air capable of maintaining temperatures below zero. Larvae
were exposed in plastic petri dishes with the tops removed
to ensure penetration of cold.
After sub-zero exposures, larvae were held in a room at
28° C, 14: 10 (L:D) photoperiod, with contact moisture.
Daily counts were made thereafter to determine survival to
the pupal stage.
Values of variables measured in sub-zero exposure tests
were analyzed by multivariate analysis of variance. Data
were expressed as decimal fractions and transformed using
the angular transformation. Means were separated by Stu-
dent-Newman-Keul's multiple range tests with correction
for unequal replications (Steel and Torrie 1960, p. 114).
633
Temperature has been found to be an important factor
affecting overwinter survival of the pink bollworm (PBW),
Pectinophora gossypiella (Saunders). Chapman et aI. (1960)
reported that winter survival of PBW larvae at EI Paso, TX,
was directly related to the intensity of winter cold. Survival
was greatly reduced when winters had avg minimum tem-
peratures of - 2° C and below, with extremes of - 19° C
and below. Also, larvae held at 3.9° C and 85% RH had
mortalities of 34% after 15 days, 98% after 45 days, and
100% after 60 days.
Fife and Graham (1966) studied PBW survival in biocli-
matic chambers programmed for winter conditions of Heav-
ener, OK and Waco, TX, areas of low and high winter sur-
vival, respectively. Larvae in unburied bolls held under the
Heavener conditions (avg minimum, 3.6° C, avg maxi-
mum, 9.2° C and mean, 6.4° C) had less than 1/10 the sur-
vival of larvae held under Waco conditions (avg minimum,
7.1° C, avg maximum, 15.6° C and mean, 11.3° C).
Graham (1972) reported that exposure to -12.2° C for 3
or more h greatly decreased survival of disapausing PBW
larvae. Decreased survival was from both larval mortality
and abnormal pupation. Conditioning at 9° C for one mo
increased survival after exposure to -12.2° C for one h, in
terms of both larval mortality and abnormal pupation, com-
pared to unconditioned larvae, although conditioning for
one mo at 22°_27° C reduced survival.
The purpose of this study was to determine the effect of
preconditioning at cool temperatures on the cold tolerance
of laboratory-reared diapausing PBW larvae.
Materials and Methods
Pink bollworm eggs obtained from a culture maintained
at the Cotton Insects Biological Control Laboratory, ARS,
USDA, 2000 E. Allen Rd., Tucson, AZ, were surface ster-
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Table I.-Effect of a 2-h sub-zero exposure on laboratory-
reared diapausing PBW larvae (insects held at 28° C after ex-
posure).
a Values are from combined data for both sexes and all conditioning treatments except
8 wk at 5' C (0. 2. 4, and 8 wk at 5'. 10'. and 15' C). All means based on ca. 100
replications. Means within each column not followed by the same letter are significantly
different at the 0.05 level according to StudeRt·Newman-Keul's multiple range test.
h Abnormal pupation of unconditioned larvae in 21° C control exposure= 12.2%.
21 (control) 16.5a 19.8ab 31.6a
-6 20.la 21.0a 36.0ab
-9 23.2b 22.0a 38.9b
-12 54.6c 71.2b 83.9c
-15 80.ld 89.7c 95.5d
Data for larvae conditioned 8 wk at 5° C is not reported
here because of insufficient replications. Some replicates
under this condition were lost because the temperature in
the 5° C cabinet dropped to the lethal range.
Results
The effect of sub-zero exposure for 2 h was slight at -9°
C and above in all variables measured. Exposure to - 12° C
and below significantly increased the larval mortality, ab-
normal pupation and total mortality (Table I). There were
no significant differences in the mortalities of the 2 sexes
from the sub-zero exposures (F test, 0.05 level).
Conditioning
treatment % larval mortal- % abnormal % total
° C Weeks ity> pupationa mortality>
Unconditioned 57.7a (18) 99.la (18) 99.8a (18)
5 2 53.9a (10) 50.4bc (10) 73.2b (10)
4 57 .Ia (10) 57.4bc (10) 8Ub (10)
10 2 56.3a (10) n.lb (10) 84.2b (10)
4 34.8ab (8) 61.5b (8) 75.2b (8)
8 28.5b (8) 27.6c (8) 46.9c (8)
15 2 63.4a (12) 79.9b (12) 91.9b (12)
4 60.2a (10) 80.4b (10) 89.5b (10)
8 65.8a (10) 77.7b (10) 89.9b (10)
Water content of larvae significantly decreased as dura-
tion of conditioning increased. Unconditioned larvae had
68.5% water and those conditioned for 8 wk had 63.3%
water. There was no significant difference in water content
between the sexes or between the conditioning temperatures
at any duration (F test, 0.05 level).
Discussion
Salt (1961) discussed 2 processes that may occur during
mild chilling: acclimation and chilling injury. He stated that
"the cold eventually becomes injurious yet the acclimation
is beneficial and probably offsets the injury to some ex-
tent. ... Chilling injury, in contrast, accumulates in a pos-
itive manner, but as long as it is slight, acclimation remains
of potential value to the insect."
In this study, cold tolerance was increased most by con-
ditioning at 10° C for 8 wk (Table 2). The conditioning
treatment at 5° C probably caused chilling injury. After 2
wk conditioning at 5° C, total mortality after exposure to
-12° C for 2 h was less than that of unconditioned larvae,
but after 4 wk conditioning at 5° C, cold tolerance was not
increased and tended to decrease. Also, larval mortality
during conditioning was greatest at 5° C.
Conditioning at 15° C for 2 wk decreased total mortality
after -12° C exposure, compared to unconditioned larvae,
but there was no further increase in cold tolerance as con-
ditioning continued. This may be due to the higher temper-
ature, since it is unlikely that chilling injury would be
greater at 150 than at 10° C.
a Means are from combined data for both sexes. Values in parenthesis are the number
of replications for the corresponding mean. Means within a column not followed by the
same letter are significantly different at the 0.05 level according to StudentMNewmanM
Keul's multiple range test.
Table 2.-Effect of cold conditioning treatment on mortality
of laboratory-reared diapausing PBW larvae exposed to _12°
C for 2-h duration (insects held at 28° C after exposure).
% larval mor- % abnormal pu-% total mortali-
tality· pationa tya
Exposure temper-
ature(0C)
The effect of cold conditioning on cold tolerance was
most apparent at the -12° C exposure. Conditioning at 5°,
10°, and 15° C reduced total mortality after exposure to
-12° C, compared to unconditioned larvae. Conditioning
of larvae at 10° C for 8 wk resulted in the least total mor-
tality of all treatments (Table 2). Similar effects of cold
conditioning can be seen in abnormal pupation after sub-
zero exposure. Larval mortality after sub-zero exposure was
not affected by cold conditioning except after 8 wk condi-
tioning at 10° C. Thus, the main effect of cold conditioning
was to decrease the amount of abnormal pupation.
Larval mortality during cold conditioning increased as
conditioning temperature decreased (Table 3). At all 3 con-
ditioning temperatures little mortality occurred until after
3-4 wk of conditioning. Mortality of male larvae tended
to be higher at all conditioning temperatures. Pupation was
appreciable only at 15° C (Table 3) and similar rates oc-
curred in both sexes at each temperature.
Table 3.-Effect of cold conditioning at 3 constant temperatures on laboratory-reared diapausing PBW larvae.
Age
(wk) Cumulative % larval mortality and % larvae pupating at indicated temperature (0C)a
5 10 15
% larval mortality % larvae pupating % larval mortality % larvae pupating % larval mortality % larvae pupating
2
4
8
0.4
2.7
12.7
0,1
.2
.2
0.6
1.9
9.6
0.3
.3
.3
1.0
1.8
6.2
1.4
2.0
2.7
a Values are from combined data for both sexes.
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These results are comparable to those of Graham (1972),
who reported that conditioning at 9° C for one mo reduced
larval mortality and abnormal pupation in laboratory-reared
diapausing PBW larvae exposed to -12.2° C for one h,
compared to unconditioned larvae exposed similarly. He
also stated that conditioning at 22°_27° C for one mo in-
creased larval mortality and abnormal pupation, compared
to unconditioned larvae exposed as above.
Conditioning at 10° C for 8 wk resulted in the greatest
increase in cold tolerance of all treatments (Table 2). Chill-
ing injury, as suggested by the increased mortality during
conditioning compared to larvae at 15° C, appears to be less
important than increased acclimation in determining total
mortality in this treatment. However, chilling injury may
become more important after longer durations of condition-
ing at 10° C.
Loss of water is often temporally associated with increas-
ing cold tolerance in insects; however, extreme dehydration
may decrease cold tolerance (Salt 1961). Decreasing water
content observed during cold conditioning does not appear
to explain changes in cold tolerance in this study. There
were no differences in water content between any of the
conditioning temperatures, yet at 5° C, total mortality after
- 12° C exposure for 2 h tended to increase as duration of
conditioning increased, while at 10° C, total mortality sig-
nificantly decreased as duration of cold conditioning in-
creased.
Salt (1961) and Asashina (1969) reported that sub-lethal
effects of cold exposure often include the appearance of
morphological abnormalities in the next stage. This effect
can be seen in the PBW. Exposure to _12° C and below for
2 h significantly increased abnormal pupation (Table 1).
However, there was a high level of abnormal pupation in
the 21° C control group (Table I). The abnormal pupae
formed resemble those reported by Cawich et al. (1974)
resulting from topical application of a juvenile hormone
(JH) mimic on diapausing and non-diapausing PBW larvae.
Wigglesworth (1952) reported that low temperatures may
shift the hormonal balance in insects slightly in favor of JH.
Raina and Bell (1976) reported that a hybrid strain of dia-
pausing PBW larvae produced a low level of larval-pupal
intermediates when reared at a constant 18° C, with no ab-
normalities produced when reared at a constant 20° or 25°
C. Graham (1972) reported that laboratory-reared diapaus-
ing PBW larvae reared at a constant 29° C produced no
abnormal pupae in the absence of sub-zero cold exposure.
The high level of abnormal pupation seen in the 21° C con-
trol group (Table 1) might be due to low. temperature dis-
ruption of hormonal balance in the laboratory strain of PBW
used in this study when reared at a constant 21° C.
The amount of larval mortality and pupation during cold
conditioning (Table 3) must be added onto the mortality
after - 12° C exposure (Table 2) in order to determine the
total effect of conditioning on survival. Thus, the reported
mortality of larvae conditioned at 10° C for 8 wk and ex-
posed to - 12° C is actually somewhat higher due to larval
mortality (9.60/0) during cold conditioning. Similarly, mor-
tality of larvae in the other treatments is actually higher due
to larval mortality and pupation during cold conditioning
(Table 3). Pupation is considered as mortality because
stages other than the overwintering stage often are much
less cold tolerant (Salt 1961) and any pupae surviving the
winter would likely emerge before suitable host plants were
available for oviposition.
Salt (1961) stated that a rapid drop in temperature will
result in a lower freezing point than a slower drop. In this
study, larvae were subjected to a sudden large drop in tem-
perature, from room temperature to the sub-zero exposure
temperature. Compared to a field situation where the tem-
perature drop would be more gradual, the larval mortalities
reported here after sub-zero exposure may be low.
Hanec and Beck (1960) found that sub-zero cold expo-
sure in the presence of contact moisture increased the mor-
tality of diapausing European corn borer larvae, Ostrinia
nubilalis (HUbner), compared to exposure to the same tem-
perature in the absence of contact moisture. Field studies of
overwinter mortality of PBW larvae have shown that higher
soil moisture levels in the winter increased mortality com-
pared to lower soil moisture levels (Chapman et al. 1960).
Part of this effect was due to soil compaction and part may
have been due to an effect similar to that reported by Hanec
and Beck (1960). Since the sub-zero exposures in this study
were done in the absence of contact moisture, the larval
mortalities reported here may be low compared to a field
situation with moderate soil moisture levels.
Acknowledgment
We thank Dr. T. J. Henneberry and Mr. Wayne W.
Wolf, Western Cotton Research Laboratory, ARS, USDA,
Phoenix, AZ, for providing partial financial support of this
research and the larval diet, respectively, and Dr. R. E.
Fye, formerly of Cotton Insects Biological Control Labo-
ratory, ARS, USDA, Tucson, AZ, for use of equipment.
We also thank Jean Cummings for technical assistance.
REFERENCES CITED
Adkisson, P. L., E. S. Vanderzant, D. L. Bull, and W. E. Al-
lison. 1960. A wheat germ medium for rearing the pink boll-
worm. J. Econ. Entomol. 53: 759-62.
Asashina, E. 1969. Frost resistance in insects. P. I-50. In J. W.
L. Beament et aI., [eds.] Advances in Insect Physiology Vol.
6, Academic Press, New York.
Cawich, A., L. A. Crowder, and T. F. Watson. 1974. Effects
of a juvenile hormone mimic on the pink bollworm. J. Econ.
Entomol. 67: 173--Q.
Chapman, A. J., L. W. Noble, O. T. Robertson, and L. C.
Fife. 1960. Survival of the pink bollworm under various cul-
tural and climatic conditions. USDA Prod. Res. Rpt. No. 34.
Fife, L. C., and H. M. Graham. 1966. Influence of moisture on
winter survival of the pink bollworm. J. Econ. Entomol. 59:
430-2.
Graham, H. M. 1972. Cold tolerance of diapausing larvae of the
pink bollworm. Ibid. 65: 1503--4.
Hanee, W., and S. D. Beck. 1960. Cold hardiness in the Euro-
pean corn borer, Pyrausta nubilalis (Hubner). J. Insect Phys-
iol. 5: 169-80.
Raina, A. K., and R. A. Bell. 1976. Occurrence of larval-pupal
intermediates in hybrid pink bollworms reared at low temper-
atures. Ann. Entomol. Soc. Am. 69: 290-2.
Salt, R. W. 1961. Principles of cold hardiness. Annu. Rev. Ento-
mol. 6: 55-74.
Steel, R. G. D., and J. H. Torrie. 1960. Principles and Proce-
dures of Statistics. McGraw-Hill Book Co., Inc., New York,
481 pp.
Wigglesworth, V. B. 1952. Hormonal balance and the control of
metamorphosis in Rhodnius prolixus (Hemiptera). J. Exp.
BioI. 29: 620-31.
